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Description 

Background of the Invention 

5 [0001] This invention relates to a surface acoustic wave device, and particularly to a surface acoustic wave device 
used as a band-pass filter and having a circuit construction comprising a plurality of surface acoustic wave (SAW) 
resonator filters connected in the form of a ladder. 

[0002] High-frequency filters of mobile communication devices such as portable telephones as which SAW resonator 
filters are used have been proposed. As a surface acoustic wave device used in this kind of application, a surface 
10 acoustic wave device having the connection structure shown in Fig. 1 has been proposed. 

[0003] In this surface acoustic wave device, a three-electrode vertically connected double mode SAW resonator filter 
1 is disposed between an input terminal IN and an output terminal OUT. This vertically connected double mode SAW 
resonator filter 1 has three inter digital transducers (hereinafter referred to as IDTs) 2 to 4 arranged along a SAW 
propagation direction. Reflectors 5 and 6 are disposed at the surface wave propagation direction ends of the arrange- 
rs ment of IDTs 2 to 4. 

[0004] One comb electrode 2a, 4a of each of the IDTs 2 and 4 among the IDTs 2 to 4 is connected to the input terminal 
IN by way of a first one-port SAW resonator filter 7. One comb electrode 3a of the IDT 3 is connected to the output 
terminal OUT. The other comb electrodes 2b, 3b and 4b of the IDTs 2 to 4 are connected to a ground potential. 
[0005] Also, a second one-port SAW resonator filter 9 is connected between the ground potential and a connection 

20 point 8 between the comb electrode 3b and the output terminal OUT. 

[0006] Accordingly, in the surface acoustic wave device shown in Fig. 1, a vertically connected double mode SAW 
resonator filter 1 is connected between input and output terminals and a first one-port SAW resonator filter 7 is con- 
nected in series with the input side of this vertically connected double mode SAW resonator filter 1. Also, a second 
one-port SAW resonator filter 9 is connected between a reference potential and a point between the input and output 

25 terminals. Thus, the surface acoustic wave device shown in Fig. 1 comprises a filter circuit having two series resonators 
and one parallel resonator. 

[0007] Here, the resonance frequency of the first one-port SAW resonator filter 7 is within the pass band of the 
vertically connected double mode SAW resonator filter 1 and the antiresonance frequency of the second one-port SAW 
resonator filter 9 is within the pass band of the vertically connected double mode SAW resonator filter 1 . 

30 [0008] In the surface acoustic wave device described above, because the first one-port SAW resonator filter 7 is 
connected to the outer IDTs 2 and 4 of the vertically connected double mode SAW resonator filter 1 and also has the 
above-mentioned resonance characteristic, the VSWR in the outer IDTs 2 and 4 of the vertically connected double 
mode SAW resonator filter 1 is reduced and also the amount of attenuation outside the pass band and particularly in 
the blocking region on the high-frequency side is increased. 

35 [0009] Also, because the second one-port SAW resonator filter 9 has the above-mentioned resonance characteristic, 
the VSWR in the central IDT 3 of the vertically connected double mode SAW resonator filter 1 is reduced and also the 
amount of attenuation outside the pass band and particularly in the blocking region on the low-frequency side is in- 
creased. 

[0010] Therefore, it is possible to reduce losses in the pass band, reduce the VSWR in the pass band and increase 

40 the amount of attenuation in the blocking region. 

[001 1] However, when the surface acoustic wave device shown in Fig. 1 is used for example in an antenna top of a 
portable telephone or the like, in the blocking region of the receiving side filter a large electrical power from the trans- 
mission side is impressed. Consequently, with the surface acoustic wave device construction described above, there 
has been the problem that when a large power of for example about 2W is impressed on the device it instantaneously 

45 breaks down. 

[0012] Also, when the surface acoustic wave device described above is used as a receiving side filter of an antenna 
top of a portable telephone or the like, normally, the surface acoustic wave device is connected using a strip line or 
the like to a transmission side filter made using for example dielectric resonators or a surface acoustic wave device. 
That is, the surface acoustic wave device described above and a transmission side filter are connected using a strip 
50 line or the like so that the impedance in the blocking region is open. 

[0013] However, in this case, to suppress transmission side losses, it is highly desirable that the reflection coefficient 
of the receiving side filter in the transmission side pass band be large. But when the surface acoustic wave device 
described above is used as the receiving side filter, the reflection coefficient thereof in the transmission side pass band 
has not always been sufficient. 

55 [001 4] EP-A-0 633 660 relates to a surface acoustic wave filter comprising a piezoelectric substrate on which a SAW 
filter part having three IDTs is provided. At the side of the IDTs, reflectors are arranged. A one-port SAW resonator is 
connected in parallel with the SAW filter part on an input side and another one-port SAW resonator is connected in 
parallel with the SAW filter part on the output side. 
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[0015] IEEE Transactions on Microwave Theory and Techniques, Vol. 36 No. 6, June 1988, New York, U.S., pages 
1047 to 1056, Mitsutaka Hikita et al.: "Miniature SAW Antenna Duplexer for 800-MHz Portable Telephone used in 
Cellular Radio Systems" discloses a high-power SAW filter consisting of serially-connected IDTs with intermeshed 
electrodes, having common bus bars. It is disclosed that such cascade-connected SAW resonators entail low insertion 
5 loss, sharp cut-off frequency responses and high-power characteristics. 

[0016] It is the object of the present invention to provide a surface acoustic wave device which not only is low-loss 
in the pass band and has high attenuation in the attenuation region, but also has superior power-resistance and has 
a large reflection coefficient in the blocking region. 

[0017] This object is achieved by a surface acoustic wave device as defined in claim 1 and a surface acoustic device 
10 as defined in claim 3. 

[0018] When, in the following specification, reference is made to a vertically-connected double mode SAW resonator 
filter, a double mode SAW resonator filter having a plurality of inter-digital transducers which are disposed along a 
surface wave propagation direction is meant. The term "three-electrode vertically-connected double mode SAW res- 
onator filter" is used to refer to a double mode SAW resonator filter having three inter-digital transducers which are 

15 disposed along a surface wave propagation direction. 

[0019] In the invention, because the resonance frequency of the first one-port SAW resonator filter is positioned on 
the low-frequency side of the pass band, i.e. in the low-frequency side blocking region, of the vertically connected 
double mode SAW resonator filter, and it is connected as described above, it is possible to increase the amount of 
attenuation outside the pass band, that is, in the low-frequency side blocking region. Furthermore, when the invention 

20 is used as a filter of an antenna top of for example a portable telephone or the like, it is possible to increase the reflection 
coefficient in the blocking region. Also, because the first one-port SAW resonator filter is connected on the input side 
of the vertically connected double mode SAW resonator filter, impressed power is dispersed between the vertically 
connected double mode SAW resonator filter and the first one-port SAW resonator filter. As a result, the power-resist- 
ance can be increased. 

25 [0020] In a surface acoustic wave device of the invention, the vertically connected double mode SAW resonator filter 
is a three-electrode vertically connected double mode SAW resonator filter having three IDTs arranged along a surface 
wave propagation direction, the sum of the numbers of electrode fingers of the outer IDTs is greater than the number 
of electrode fingers of the central IDT and the first one-port SAW resonator filter is connected to the pair of outer IDTs 
of the vertically connected double mode SAW resonator filter. 

30 [0021] With this construction, it is possible to further increase the power-resistance in the blocking region on the 
input side. That is, the reason why a surface acoustic wave device in a SAW filter breaks down when a large power is 
fed in is that migration occurs between the electrodes constituting the IDTs due to mechanical stress arising when the 
surface waves are excited. In the above-mentioned preferable construction of the invention, in the vertically connected 
double mode SAW resonator filter, because [1] power is impressed on the pair of outer IDTs and the sum of the numbers 

35 of electrode fingers of the outer IDTs is greater than the number of electrode fingers of the central IDT, and [2] the first 
one-port SAW resonator filter having a plurality of pairs of IDTs is disposed as a parallel arm on the input side, the total 
area of the electrodes on which the power is impressed is made large and the power-resistance on the input side is 
more greatly increased. 

[0022] According to an embodiment of the invention, the first one-port SAW resonator filter is made using a 36° Y- 
40 cut, X-propagation piezoelectric substrate and is made by connecting four or two SAW resonators in series and the 
ratio of the width w of the electrode fingers of the IDTs constituting the SAW resonators to the wavelength X, 1 of the 
SAW resonators satisfies the following expression: 

45 w/^<1/4 Exp. (1) 

[0023] With this construction, because the first one-port SAW resonator filter has a 2-stage or 4-stage construction, 
it is possible to make the electrode area large and the power-resistance can thereby be increased. Also, when the first 
one-port SAW resonator filter is given a multi-stage construction, although a spurious response existing between the 

50 resonance frequency and the antiresonance frequency of the first one-port SAW resonator filter becomes larger, as is 
clear from preferred modes of practicing the invention which will be described later, because the SAW resonators 
constituting the first one-port SAW resonator filter are so constructed that they satisfy the above Exp. (1), the above- 
mentioned spurious response can be suppressed. In addition, by constructing the resonators of the one-port SAW 
resonator filter so that they satisfy the above Exp. (1 ), shorting across I DTs caused by migration between the electrode 

55 fingers of the IDTs when power is impressed is made less likely to occur. Also, because the first one-port SAW resonator 
filter is connected in parallel with the double mode SAW resonator filter, even if the width w of the electrode fingers is 
made small, the influence of this on the pass band is small. Therefore, it is possible to increase the power-resistance 
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without bringing about loss deterioration in the resonance characteristic of the pass band. 

[0024] According to one aspect of the invention, the first one-port SAW resonator filter is made using a 36° Y-cut, 
X-propagation piezoelectric substrate and is made by connecting four or two resonators in series and the ratio of the 
spacing t between the electrode fingers of the IDTs of the resonators to the wavelength A, 1 of the resonators is made 



[0025] With this construction, because the first one-port SAW resonator filter is given a 4-stage or 2-stage construc- 
tion, it is possible to increase the power-resistance by increasing the electrode area. As mentioned above, when the 
first one- port SAW resonator filter is given a multi-stage construction, there is a danger that a spurious response 
existing between the resonance frequency and the antiresonance frequency of the first one-port SAW resonator filter 
10 will become large. However, with this construction, because t/ X 1 > 3, as is clear from preferred modes of practicing 
the invention which will be described later, it is possible to effectively suppress the spurious response in the pass band. 
Therefore, it is possible to further increase power-resistance without having any affect on the characteristics in the 
pass band. 

[0026] According to a second aspect of the invention, the vertically connected double mode SAW resonator filter is 
15 made using a 36° Y-cut, X-propagation piezoelectric substrate and when the spacing between the centers of the outer 
end electrode fingers of the outer IDTs and the centers of the inner end electrodes of the reflectors is written I, the ratio 
of I to the wavelength X 2 of the reflectors satisfies the following expression: 



[0027] With this construction, as is clear from preferred modes of practicing the invention which will be described 
later, because the spacing I between the outer IDTs of the vertically connected double mode SAW resonator filter and 
the reflectors is greater than 0.53 X 2 , it is possible to increase the reflection coefficient in the blocking region. Also, 
25 because the above-mentioned spacing I is less than 0.59 X 2 , the VSWR in the pass band can be made large. Therefore, 
it is possible to further increase the reflection coefficient in the blocking region without deteriorating the characteristics 
in the pass band. 

[0028] According to an embodiment of the invention, a second one-port SAW resonator filter is connected in series 
with the central IDT of the above-mentioned three-electrode vertically connected double mode SAW resonator filter. 

30 This second one-port SAW resonator filter has its antiresonance frequency on the outside of the pass band of the 
vertically connected double mode SAW resonator filter on the low-frequency side thereof and does not have reflectors. 
With this construction, because the second one-port SAW resonator filter is connected in series with the central IDT, 
i.e. the output side, of the vertically connected double mode SAW resonator filter, it is possible to further increase the 
amount of attenuation in the blocking region without losing power-resistance or reflection coefficient of the input side 

35 terminal in the blocking region. 

[0029] According to a further embodiment of the invention, as well as the above-mentioned second one-port SAW 
resonator filter, a third one-port SAW resonator filter is also connected to the three-electrode vertically connected double 
mode SAW resonator filter. However, the third one-port SAW resonator filter is connected in parallel with the double 
mode SAW resonator filter. In a specific example, the third one-port SAW resonator filter is connected to the double 

40 mode SAW resonator filter by way of the second one-port SAW resonator filter. This third one-port SAW resonator filter 
has its resonance frequency on the low-frequency side of the pass band of the vertically connected double mode SAW 
resonator filter and does not have reflectors. 

[0030] With this construction, because in addition to the second one-port SAW resonator filter connected in series 
with the output side of the vertically connected double mode SAW resonator filter a third one-port SAW resonator filter 
45 is connected in parallel with the double mode SAW resonator filter it is possible to further increase the amount of 
attenuation in the blocking region without losing power-resistance or reflection coefficient of the input side terminal in 
the blocking region. 

[0031] Other features and advantages of the present invention will become apparent from the following description 
of the invention which refers to the accompanying drawings. 
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t/ X, > 3. 



20 



0.53 <\IX 2 < 0.59 
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Brief Description of the Drawings 



[0032] 



55 



Fig. 1 



is a schematic plan view illustrating an electrode structure of a conventional surface 
acoustic wave device; 



Fig. 2 



is a schematic plan view of a surface acoustic wave device according to a first preferred 
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embodiment of the invention; 

Fig. 3(a) to Fig. 3(c) are charts showing characteristics of a vertically connected double mode SAW reso- 

nator filter, Fig. 3(a) showing an insertion loss - frequency characteristic, Fig. 3(b) being 
5 a Smith impedance chart for a central IDT side terminal and Fig. 3(c) being a Smith 

impedance chart for an outer IDT side terminal; 

Fig. 4(a) to Fig. 4(c) are charts showing characteristics of a surface acoustic wave device of the first pre- 

ferred embodiment as a whole, Fig. 4(a) showing an insertion loss - frequency charac- 
10 teristic, Fig. 4(b) being a Smith impedance chart for a central IDT side terminal and Fig. 

4(c) being a Smith impedance chart for an outer IDT side terminal; 

Fig. 5 is a chart showing an insertion loss - frequency characteristic of a first one-port SAW 

resonator filter of 4- stage construction; 

15 

Fig. 6 is a chart showing an insertion loss - frequency characteristic of a first one-port SAW 

resonator filter of 3- stage construction; 

Fig. 7 is a chart showing an attenuation level - frequency characteristic of a first one-port SAW 

20 resonator filter of 2-stage construction; 

Fig. 8 is a chart showing a relationship between w/^ and the difference between a resonance 

frequency and the frequency at which a spurious response occurs; 

25 Fig. 9 is a chart showing an insertion loss - frequency characteristic of a first one-port SAW 

resonator filter of 4- stage construction wherein h/ A, 1 = about 6.5% and w/ X, 1 - 1/5; 

Fig. 10 is a chart showing a relationship between the spacing I between IDTs and reflectors of 

a three-electrode vertically connected double mode SAW resonator filter and the min- 
30 imum value of a reflection coefficient in a blocking region; 

Fig. 11 is a chart showing a relationship between the spacing I between I DTs and reflectors of 

a vertically connected double mode SAW resonator filter and the maximum value of 
VSWR in a pass band; 

35 

Fig. 12 is a schematic plan view showing an electrode structure of a surface acoustic wave 

device according to a second preferred embodiment of the invention; 

Fig. 13 is a chart showing an attenuation level - frequency characteristic of a surface acoustic 

40 wave device according to the second preferred embodiment; 

Fig. 14 is a chart showing an insertion loss - frequency characteristic of a surface acoustic 

wave device of the second preferred embodiment before a second one-port SAW res- 
onator filter is connected; 

45 

Fig. 15 is a schematic plan view illustrating an electrode structure of a surface acoustic wave 

device according to a third preferred embodiment of the invention; 

Fig. 16 is a chart showing an insertion loss - frequency characteristic of a surface acoustic 

50 wave device according to the third preferred embodiment; 

Fig. 17 is a chart showing an insertion loss - frequency characteristic of a modified version of 

the first preferred embodiment when t/ X, 1 = 3.2; 

55 Fig. 18 is an enlarged plan view showing IDTs in a surface acoustic wave device of the first 

preferred embodiment; and 

Fig. 19 is a view showing the circuit construction of a surface acoustic wave device of the first 
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preferred embodiment. 

Detailed Description of the Preferred Embodiments 

5 [0033] Preferred embodiments of the invention will now be described with reference to the accompanying drawings. 
[0034] Fig. 2 is a schematic plan view showing a surface acoustic wave device according to a first preferred embod- 
iment of the invention. 

[0035] A surface acoustic wave device 21 of this preferred embodiment is made using a piezoelectric substrate 22 
made of 36° Y-cut, X-propagation LiTaO s . The piezoelectric substrate 22 is not limited to the above-mentioned material, 
10 and for example 64° Y-cut, X-propagation LiNb0 3 or 41° Y-cut, X- propagation LiNbO s may alternatively be used. 

[0036] Fig. 2 schematically shows an electrode structure formed on the piezoelectric substrate 22. On the piezoe- 
lectric substrate 22 are formed a three-electrode vertically connected double mode SAW resonator filter 23 and a first 
one-port SAW resonator filter 24. 

[0037] The vertically connected double mode SAW resonator filter 23 and the first one-port SAW resonator filter 24 
15 may be formed on separate piezoelectric substrates or may be formed on a single piezoelectric substrate 22 as shown 
in Fig. 2. 

[0038] The vertically connected double mode SAW resonator filter 23 has three IDTs 25, 26 and 27 lined up along 
a surface wave propagation direction. The IDTs 25 to 27 have comb electrodes 25a, 25b, 26a, 26b, 27a and 27b each 
having a plurality of electrode fingers. That is, the IDTs 25 to 27 each have a plurality of pairs of mutually intermeshing 
20 electrode fingers. 

[0039] Grating reflectors 28 and 29 are formed at the surface wave propagation direction ends of the region where 
the IDTs 25 to 27 are formed. 

[0040] One comb electrode 25a, 27a of each of the IDTs 25 and 27 is electrically connected to an input terminal 30. 
One comb electrode 26a of the IDT 26 positioned in the middle is electrically connected to an output terminal 31 . The 
25 other comb electrodes 25b, 26b and 27b of the IDTs 25 to 27 are connected to a ground potential. 

[0041] Also, the one-port SAW resonator filter 24 is connected between the ground potential and a connection point 
32 between the input terminal 30 and the IDTs 25 and 27. In other words, the input terminal 30 is led out from a 
connection point 32 between the vertically connected double mode SAW resonator filter 23 and the first one-port SAW 
resonator filter 24. 

30 [0042] The first one-port SAW resonator filter 24 has four stages of IDTs 24a to 24d connected to each other in 
series. That is, adjacent IDTs among the IDTs 24a to 24d have common bus bars. That is, bus bars 33a to 33c are 
common bus bars, and for example the bus bar 33a serves both as a bus bar connecting together a plurality of electrode 
fingers of one comb electrode of the IDT 24a and as a bus bar connecting together a plurality of electrode fingers of 
one comb electrode of the IDT 24b. 

35 [0043] Also, as shown in Fig. 2, the first one-port SAW resonator filter 24 does not have reflectors. 

[0044] The IDTs 24a to 24d and 25 to 27 and the reflectors 28 and 29 can be formed using any suitable electrode 
materials, and in this preferred embodiment they are made of aluminum. The IDTs 24a to 24d and 25 to 27 and the 
reflectors 28 and 29 may alternatively be formed using an aluminum alloy with up to a few weight percent of Cu added. 
[0045] An insertion loss - frequency characteristic of the SAW resonator filter 23 in the surface acoustic wave device 

40 of this preferred embodiment is shown in Fig. 3(a). In Fig. 3(a), the line B is a characteristic curve showing with the 
vertical axis enlarged ten times a main part of a characteristic curve shown by the line A. 

[0046] Smith impedance charts for the vertically connected double mode SAW resonator filter 23 only are shown in 
Fig. 3(b) and Fig. 3(c). Fig. 3(b) shows a characteristic in the central IDT 26 and Fig. 3(c) shows a characteristic in the 
outer IDTs 26 and 27. 

45 [0047] The first one-port SAW resonator filter 24 is connected to the outer IDTs 25 and 27 of the SAW resonator filter 
23 so that its resonance frequency is positioned on the low-frequency side of the pass band of the vertically connected 
double mode SAW resonator filter 23, i.e. in the low-frequency side blocking region of the SAW resonator filter 23, and 
its antiresonance frequency is located inside the pass band of the SAW resonator filter 23. 

[0048] The insertion loss - frequency characteristic across the input and output terminals 30, 31 of the surface acous- 
50 tic wave device of this preferred embodiment constructed as described above is shown in Fig. 4(a). Also, Smith im- 
pedance charts of the surface acoustic wave device of this preferred embodiment are shown in Fig. 4(b) and Fig. 4(c). 
Fig. 4(b) shows a characteristic in the central IDT side and Fig. 4(c) shows a characteristic in the outer IDTs 25 and 27. 
[0049] In Fig. 4(a), as in Fig. 3(a), the characteristic shown by the line B is a main part of the characteristic shown 
by the line A with the insertion loss scale enlarged ten times. 
55 [0050] When the insertion loss - frequency characteristic of the SAW resonator filter 23 only shown in Fig. 3(a) and 
the insertion loss - frequency characteristic of this preferred embodiment shown in Fig. 4(a) are compared, it can be 
seen that in the blocking region on the low-frequency side of the pass band the amount of attenuation in the vicinity of 
the pass band is greatly increased in the case of the preferred embodiment shown in Fig. 4(a). 
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[0051 ] Also, if the characteristics shown in Fig. 3(c) and Fig. 4(c) are compared, it can be seen that with this preferred 
embodiment, as a result of the first one-port SAW resonator filter 24 being connected in parallel, the reflection coefficient 
in the blocking region is increased. Therefore, for example when the surface acoustic wave device of this preferred 
embodiment is used in an antenna top on the receiving side of a portable telephone or the like, the reflection coefficient 
5 in the pass band of the other caller's side, i.e. the transmission side, can effectively be raised. 

[0052] The pass band of the SAW resonator filter 23 is 935 to 960MHz, and the low-frequency side blocking region 
is 890 to 915MHz. 

[0053] Thus, in the surface acoustic wave device of this preferred embodiment, because the first one-port SAW 
resonator filter 24 having its resonance frequency positioned on the low-frequency side of the pass band is connected 

10 in parallel with the vertically connected double mode SAW resonator filter 23, it is possible to increase the amount of 
attenuation in the blocking region on the low-frequency side of the pass band. Also, because it is possible to make the 
reflection coefficient in this blocking region large, for example when the surface acoustic wave device is used in an 
antenna top of a portable telephone or the like, it is possible to suppress losses in the pass band of the filter on the 
other caller's side, that is, the transmission side. 

15 [0054] Also, because the one-port SAW resonator filter 24 is connected in parallel, impressed power is divided be- 
tween the vertically connected double mode SAW resonator filter 23 and the first one-port SAW resonator filter 24. 

Example of First Preferred Embodiment 

20 [0055] The reason why blocking breaks down when a large power is fed into a surface acoustic wave filter is that 
migration occurs between electrode fingers of the IDTs due to mechanical stress of when the surface waves are excited. 
Therefore, preferably, in the surface acoustic wave device of the preferred embodiment shown in Fig. 2, the sum of 
the number of electrode fingers of the IDTs 25 and 27 of the vertically connected double mode SAW resonator filter 
23 is greater than the number of electrode fingers of the central IDT 26. When this construction is adopted, because 

25 power is impressed on the outer IDTs 25 and 27, which is the side with the more electrode fingers, and the first one- 
port SAW resonator filter 24 having a plurality of IDTs each having multiple pairs of electrode fingers and connected 
to each other in series in a plurality of stages as described above is connected to the IDTs 25 and 27, the total area of 
the electrode fingers of the IDTs on which the power is impressed can be made large and thereby it is possible to 
thereby further improve the power-resistance of the input side terminal in the blocking region. 

30 [0056] When a surface acoustic wave device of this preferred embodiment was made using Al containing 1 .5wt% of 
Cu as an additive for the IDT electrodes, whereas with the conventional surface acoustic wave device shown in Fig. 
1 when a power of 2W was impressed in the blocking region breaking down of the surface acoustic wave device 
immediately occurred, with the surface acoustic wave device of this preferred embodiment, when a power of 2W was 
impressed in the blocking region at an ambient temperature of 85°, even at a frequency position in the blocking region, 

35 where the power- resistance is the lowest, it was confirmed that the device had a life of over 70 hours. Therefore, with 
the surface acoustic wave device of this preferred embodiment, it is possible to provide a surface acoustic wave device 
which not only is low-loss in the pass band and has a large amount of attenuation but also has superior power-resist- 
ance. 

40 Other Example of First Preferred Embodiment 

[0057] In the surface acoustic wave device of the preferred embodiment shown in Fig. 2, the first one-port SAW 
resonator filter was made by connecting together in series four IDTs each having multiple pairs of electrode fingers. In 
this case, the opening length and the number of pairs of electrode fingers of all the IDTs 24a to 24d were made the same. 

45 [0058] The first one-port SAW resonator filter 24 does not necessarily have to be of a 4-stage construction wherein 
four IDTs are connected in series as described above, and may alternatively be of a 3-stage or 2-stage construction. 
However, by the first one-port SAW resonator filter 24 being constructed so that it has numerous stages it is possible 
to increase the electrode area and thereby it is possible to improve the power-resistance of the device. 
[0059] Insertion loss - frequency characteristics of when the first one-port SAW resonator filter 24 is made 4-stage, 

50 3-stage and 2-stage are shown in Fig. 5 to Fig. 7 respectively. The curve D in Fig. 5 to Fig. 7 is a characteristic curve 
shown with the size of the insertion loss of the vertical axis enlarged ten times with respect to the characteristic shown 
by the curve E. 

[0060] As is apparent from Fig. 5 to Fig. 7, compared to the 3-stage construction, with the 4-stage construction and 
the 2-stage construction it is possible to reduce losses in the low-frequency side region of the inside of the pass band. 
55 Therefore, the device can be used effectively in portable telephones and the like of which the difference between the 
transmission frequency and the reception frequency is narrow. 

[0061] The insertion loss - frequency characteristics shown in Fig. 5 to Fig. 7 are characteristics of cases where the 
pass band is 869 to 894MHz. 
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[0062] As mentioned above, by giving the first one-port SAW resonator filter a multi-stage construction it is possible 
to raise the power-resistance of the device but there is the problem that a spurious response existing between the 
resonance frequency and the antiresonance frequency of the one-port SAW resonator filter becomes large. That is, 
there is the problem that the spurious response shown by the arrow C in Fig. 5 becomes large. 

5 [0063] In a preferable aspect of the first preferred embodiment, to reduce the above-mentioned spurious response, 
the ratio of the line width w of the electrode fingers of the first one-port SAW resonator filter shown in Fig. 2 and Fig. 
18 and the wavelength A, 1 of the excited surface waves is made less than 1/4. The reason why it is possible to reduce 
the above-mentioned spurious response by making w/^ less than 1/4 in this way will now be explained. 
[0064] Fig. 8 is a chart showing a relationship between the ratio with respect to the wavelength X A of the line width 

10 w of the electrode fingers of the IDTs 24a to 24d of a first one-port SAW resonator filter 24 constructed so that its 
resonance frequency is 850MHz, i.e. having the thickness of the electrodes of the IDTs made about 6.5% of the wave- 
length 1, and the frequency difference between this resonance frequency and the frequency at which the spurious 
response occurs. As is clear from Fig. 8, when w/^ = 0.25 (1/4) the above-mentioned frequency difference is 12.5MHz. 
Therefore, when dispersion in frequency during manufacture and effects of fluctuations in operating temperature are 

15 taken into account, the spurious response occurs inside the pass band and losses inside the pass band become large. 
[0065] On the other hand, Fig. 9 shows the insertion loss - frequency characteristic of a 4-stage first one-port SAW 
resonator filter 24 wherein w/^ = 1/5 and the electrode thickness h is such that h/ A,-, = about 6.5%. 
[0066] The curve F is a characteristic shown with the insertion loss scale of the vertical axis enlarged ten times with 
respect to the characteristic shown by the curve G. 

20 [0067] As is clear from Fig. 9, here, the difference between the resonance frequency and the frequency position at 
which the spurious response occurs is less than 8.5MHz. Therefore, it can be seen that the spurious response does 
not have an affect on the inside of the pass band. 

[0068] Furthermore, it can be seen that by making the line width w of the electrode fingers of the IDTs 24a to 24d of 
the first one-port SAW resonator filter 24 such that w/ X, 1 < 1/4 it is possible to suppress breaking down caused by 
25 shorting between the hot sides and the ground sides of the IDTs 24a to 24d due to migration between electrode fingers 
when a power is impressed thereon. That is, it is possible to make the life of the device until this kind of breaking down 
occurs long. 

[0069] Also, even when a first one-port SAW resonator filter 24 of the kind described above is connected in parallel 
with the double mode SAW resonator filter 23, the effect on the pass band of making the line width w small is small 
30 and therefore it is possible to improve the power-resistance without bringing about deterioration of insertion loss in the 
pass band of the surface acoustic wave device as a whole. 

Further Preferable Example of First Preferred Embodiment 

35 [0070] In a surface acoustic wave device of the first preferred embodiment, preferably, when the spacing between 
the centers of the outer end electrode fingers of the outer IDTs 25 to 27 of the vertically connected double mode SAW 
resonator filter 23 and the centers of the inner end electrodes of the reflectors is written I and the repetition wavelength 
of the electrodes of the reflectors is written X 2 (see Fig. 2), the SAW resonator filter 23 is constructed so that the 
relationship: 

40 

0.53 < 1/ X 2 < 0.59 

is satisfied. The above-mentioned T, more specifically, as shown in Fig. 2, is for example the distance between the 
45 center of the outermost electrode finger of the outer IDT 27 and the center of the innermost electrode of the reflector 
29 positioned on the outer side thereof. 

[0071] Fig. 10 is a chart showing the relationship between the above-mentioned I/ X 2 anc ' tne minimum value of the 
reflection coefficient in the blocking region in the vertically connected double mode SAW resonator filter 23 and Fig. 
11 shows the relationship between \/X 2 and tne maximum value of VSWR in the pass band thereof. 
50 [0072] The above-mentioned characteristics are characteristics of a case wherein the pass band of the SAW reso- 
nator filter 23 is made 849 to 869MHz, the blocking region is made 824 to 849MHz and further taking into account 
frequency dispersion the pass band is made ±2MHz wider at 29MHz. 

[0073] As is clear from Fig. 1 0 and Fig. 1 1 , when the spacing I between the outer IDTs and the reflectors of the SAW 
resonator filter 23 is 0.53 X 2 or less, the reflection coefficient in the blocking region becomes less than 0.7, and practical 
55 problems arise. On the other hand, as is clear from Fig. 11, when the spacing I is greater than 0.59 X 2 , the VSWR 
becomes larger than 2.5. Therefore, as is clear from the results of Fig. 1 0 and Fig. 1 1 , the spacing I is preferably above 
0.53 X 2 and less than 0.59 X 2 . 

[0074] Accordingly, when a surface acoustic wave device according to this modification example is used for example 
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as a receiving side filter of an antenna top of a portable telephone and connected to a transmission side filter, the 
reflection coefficient of the receiving side filter in the transmission side pass band can be made large, the impedance 
thereof becomes closer to open and consequently it is possible to suppress deterioration of the characteristics of the 
transmission side filter. 

5 

Further Preferred Example of a Surface Acoustic Wave Device of the First Preferred Embodiment 

[0075] In the surface acoustic wave device shown in Fig. 2, preferably, the ratio of the spacing t between the IDTs 
24a to 24d of the first one-port SAW resonator filter 24 to the wavelength A, 1 of the resonators constituted by the IDTs 
10 satisfies XI X 1 > 3. By making XI X 1 > 3 in this way, it is possible to reduce ripples in the pass band caused by the spurious 
response existing between the resonance frequency and the antiresonance frequency. This will now be explained with 
reference to Fig. 9 and Fig. 17. 

[0076] As described above, by giving the first one-port SAW resonator filter 24 a multi-stage construction it is possible 
to increase the electrode area and thereby increase the power-resistance. However, when the first one-port SAW 
15 resonator filter 24 is made multi-stage, the spurious response existing between the resonance frequency and the 
antiresonance frequency thereof becomes large. That is, the spurious response shown with the arrow C in Fig. 5 
becomes large. 

[0077] On the other hand, the characteristic shown in Fig. 9 is that of a case wherein the first one-port SAW resonator 
filter 24 has been made 4-stage and also the ratio of the spacing t between the IDTs 24a to 24d to the wavelength X A 

20 is t/ X A = 2.1 . Here, it can be seen that the ripple in the pass band is about 2dB. 

[0078] With respect to this, Fig. 1 7 shows an insertion loss - frequency characteristic of a case wherein the above- 
mentioned t/ A, 1 is 3.2. The rest of the construction is the same as in the case shown in Fig. 9. 
[0079] Comparing the characteristics shown in Fig. 9 and Fig. 17, it is clear that in the characteristic shown in Fig. 
17 the ripple in the pass band has been reduced to about 1 /4th of its size in the characteristic shown in Fig. 9. That is, 

25 it is possible to reduce the ripple in the pass band as described above by making the spacing t such that XI X^ = 3.2. 
Experiments carried out by the present inventors have confirmed that if the above-mentioned XI X, 1 is made larger than 
3 it is possible to make the ripple inside the pass band small as in the case of the characteristic shown in Fig. 17. 
Therefore, when the first one-port SAW resonator filter 24 is made multi-stage, by making XI X^ larger than 3 it is possible 
to increase the power-resistance without deteriorating the characteristic inside the pass band. 

30 

Second Preferred Embodiment 

[0080] Fig. 1 2 is a schematic plan view illustrating an electrode structure of a surface acoustic wave device according 
to a second preferred embodiment of the invention. 
35 [0081] In Fig. 12, although a piezoelectric substrate is not shown, a piezoelectric substrate consists of a 36° Y-cut, 
X-propagation LiTa0 3 and the electrode structure shown in Fig. 12 is formed on this piezoelectric substrate. As the 
piezoelectric substrate, 64° Y-cut, X-propagation LiNb0 3 or41° Y-cut, X-propagation LiNb0 3 orthe like can alternatively 
be used. 

[0082] A three-electrode vertically connected double mode SAW resonator filter 41 , a first one-port SAW resonator 
40 filter 42 and a second one-port SAW resonator filter 43 are formed on this piezoelectric substrate. 

[0083] The vertically connected double mode SAW resonator filter 41 is constructed in the same way as the vertically 

connected double mode SAW resonator filter 23 described in the first preferred embodiment. That is, it has three IDTs 

44 to 46. Reflectors 47 and 48 are formed at the ends of the region where the IDTs 44 to 46 are formed. 

[0084] One comb electrode 44a, 46a of each of the IDTs 44 and 46 is connected to an input terminal 49. The other 
45 comb electrodes 44b, 46b are connected to a ground potential. One comb electrode 45a of the IDT 45 is connected 

to an output terminal 50 by way of the second one-port SAW resonator filter 43. The other comb electrode 45b is 

connected to the ground potential. 

[0085] The first one-port SAW resonator filter 42 is connected between the input terminal 49 and the ground potential. 
The first one-port SAW resonator filter 42 is constructed in the same way as the first one-port SAW resonator filter 24 
50 described in the first preferred embodiment. That is, the first one-port SAW resonator filter 42 has IDTs 42a to 42d 
connected in series with each other. That is, the first one- port SAW resonator filter 42 consists of four stages of IDTs 
connected in series. 

[0086] As mentioned above, the first one-port SAW resonator filter 42 is connected between the ground potential 
and a point between the input and the output. 
55 [0087] In a surface acoustic wave device of this preferred embodiment, the construction of the input side of the first 
one-port SAW resonator filter 42 is the same as in the first preferred embodiment. What is different is the output side 
of the vertically connected double mode SAW resonator filter 41 , and namely that the second one-port SAW resonator 
filter 43 is connected to the output side of the vertically connected double mode SAW resonator filter 41 . In other words, 
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the second one-port SAW resonator filter 43 is connected in series with the vertically connected double mode SAW 
resonator filter 41 . 

[0088] In this preferred embodiment also, the first one-port SAW resonator filter 42 is a resonator of 4-stage con- 
struction and is constructed so that its resonance frequency is positioned to the low-frequency side of the pass band 
5 of the SAW resonator filter 41 , i.e. in the high-frequency side of the low-frequency side blocking region, and its antires- 
onance frequency is in the pass band of the SAW resonator filter 41 . 

[0089] Therefore, as in the case of the first preferred embodiment, it is possible to increase the amount of attenuation 
in the high-frequency side of the blocking region on the input side and the power-resistance is raised by the electrode 
area being increased. 

w [0090] Furthermore, in this preferred embodiment also, in the SAW resonator filter 41, the sum of the numbers of 
electrode fingers of the outer IDTs is greater than the number of electrode fingers of the central IDT and therefore 
together with the connection of the above-mentioned first one-port SAW resonator filter 42 as a multi-stage resonator 
the total area of the IDT electrodes on which power is impressed is increased and the power- resistance of the device 
is improved. 

15 [0091] Furthermore, in this preferred embodiment, unlike the in first preferred embodiment, the second one-port 
SAW resonator filter 43 is connected in series with the central IDT 45 of the SAW resonator filter 41 . This second one- 
port SAW resonator filter 43 is so constructed that its antiresonance frequency is on the low-frequency side of the 
blocking region of the vertically connected double mode SAW resonator filter 41 and does not have reflectors. Therefore, 
as is clear from experimental examples which will be discussed later, it is possible to increase the amount of attenuation 

20 in the low- frequency side of the blocking region also. This will now be explained with reference to Fig. 13 and Fig. 1 4. 
The characteristic J in Fig. 13 and Fig. 14 shows a characteristic with the scale of the vertical axis shown for the 
characteristic K enlarged ten times. 

[0092] Fig. 13 shows an insertion loss - frequency characteristic inside the pass band of this preferred embodiment. 
Fig. 14 shows an insertion loss - frequency characteristic of a surface acoustic wave device in the second preferred 
25 embodiment before the second one-port SAW resonator filter 43 is connected. Comparing Fig. 13 and Fig. 14, it can 
be seen that in this preferred embodiment not only is the amount of attenuation in the high-frequency side of the 
blocking region increased but furthermore the amount of attenuation in the low-frequency side of the blocking region 
is increased also. 

[0093] The surface acoustic wave device characteristics shown in Fig. 1 3 and Fig. 1 4 are those of a case where the 
30 pass band of the SAW resonator filter 41 is 869 to 894MHz and the blocking region is 824 to 849MHz. 

Third Preferred Embodiment 

[0094] Fig. 1 5 is a schematic plan view showing the electrode structure of a surface acoustic wave device according 
35 to a third preferred embodiment of the invention. In a surface acoustic wave device of this preferred embodiment, a 
36° Y-cut, X-propagation piezoelectric substrate is used. That is, the electrode structure shown in Fig. 15 is formed on 
this piezoelectric substrate. However, as the piezoelectric substrate, besides a 36° Y-cut, X-propagation LiTa0 3 sub- 
strate, 64° Y-cut, X-propagation LiNb0 3 or 41° Y-cut, X-propagation LiNb0 3 or the like may alternatively be used. 
[0095] Referring to Fig. 1 5, a surface acoustic wave device of the third preferred embodiment is made up of a three- 
40 electrode vertically connected double mode SAW resonator filter 61 , a first one-port SAW resonator filter 62, a second 
one-port SAW resonator filter 63 and a third one-port SAW resonator filter 64. Of these, the vertically connected double 
mode SAW resonator filter 61 , the first one-port SAW resonator filter 62 and the second one-port SAW resonator filter 
63 are constructed in the same way as the vertically connected double mode SAW resonator filter 41, the first one- 
port SAW resonator filter 42 and the second one-port SAW resonator filter 43 of the second preferred embodiment 
45 shown in Fig. 1 2. Accordingly, identical parts have been given corresponding reference numbers, the description thereof 
made in the second preferred embodiment will be adopted and no further detailed description of these parts will be 
made here. 

[0096] The vertically connected double mode SAW resonator filter 61 and the second one-port SAW resonator filter 
63 are connected in series between an input terminal 69 and an output terminal 70. The vertically connected double 
50 mode SAW resonator filter 61 has three IDTs 65 to 67 in its center. Reflectors 68a and 68b are formed at the ends of 
the line of IDTs 65 to 67. One comb electrode 65a, 67a of each of the outer IDTs 65 and 67 is connected to the input 
terminal 69. The first one-port SAW resonator filter 62 is also connected to these comb electrodes 65a and 67a of the 
IDTs 65 and 67. 

[0097] The other comb electrodes 65b and 67b of the IDTs 65 and 67 are connected to a ground potential, and one 
55 comb electrode 66a of the central IDT 66 is connected to the output terminal 70 by way of the second one-port SAW 
resonator filter 63. Also, the comb electrode 66b is connected to the ground potential. 

[0098] The resonance frequencies and antiresonance frequencies of the first and second SAW resonator filters 62 
and 63 are set in the same way as in the second preferred embodiment. Therefore, in this preferred embodiment also, 
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the effects obtained in the surface acoustic wave device of the second preferred embodiment can be obtained. That 
is, on the input side, because the first one-port SAW resonator filter 62 of 4-stage construction is connected in parallel 
with the double mode SAW resonator filter 61 and in the SAW resonator filter 61 the sum of the numbers of electrode 
fingers of the outer IDTs 65 and 67 is greater than the number of electrode fingers of the central IDT 66, it is possible 
5 to raise the power-resistance of the device by increasing the electrode area. In addition, because the second one-port 
SAW resonator filter 63 is connected on the output side as a series resonator, it is possible to raise the amount of 
attenuation in the high-frequency side of the blocking region also. 

[0099] Furthermore, in this preferred embodiment, on the above-mentioned output side, the third one-port SAW 
resonator filter 64 is connected between the ground potential and a connection point 71 between the output terminal 

10 70 and the second one-port SAW resonator filter 63. The third one-port SAW resonator filter 64 has a structure wherein 
two IDTs 64a and 64b each having multiple electrode fingers are connected in series and is so constructed that its 
antiresonance frequency is in the low-frequency side of the blocking region of the vertically connected double mode 
SAW resonator filter 61 and does not have reflectors. Although in this preferred embodiment the third one-port SAW 
resonator filter 64 is constructed by connecting two stages of IDT 64a and 64b in series, the number of stages is not 

15 particularly limited. 

[0100] In this preferred embodiment, the first one-port SAW resonator filter 62 is connected to the outer IDTs 65 and 
67 of the vertically connected double mode SAW resonator filter 61, the second one-port SAW resonator filter 63 is 
connected in series with the central IDT 66 and then after that the third one-port SAW resonator filter 64 is connected 
in parallel with the double mode SAW resonator filter 61 as a parallel resonator. The insertion loss - frequency char- 

20 acteristic of this surface acoustic wave device as a whole is shown in Fig. 1 6. 

[0101] Comparing the characteristic shown in Fig. 16 with the characteristic shown in Fig. 14 it can be seen that with 
this preferred embodiment in addition to the amount of attenuation in the low-frequency side of the blocking region 
increasing the amount of attenuation in the central vicinity of the blocking region also increases. 
[0102] That is, in the surface acoustic wave device of this preferred embodiment, because the first one-port SAW 

25 resonator filter 62 is connected in parallel with the SAW resonator filter 61, it is possible to increase the amount of 
attenuation outside the pass band on the low-frequency side thereof. Also, because the second one-port SAW resonator 
filter 63 is connected in series and the third one-port SAW resonator filter 64 is further connected in parallel on the 
output side, it is possible to further increase the amount of attenuation in the blocking region without losing power- 
resistance or reflection coefficient of the input side terminal in the blocking region. 

30 [0103] By means of the impedance - frequency characteristic of the third one-port SAW resonator filter 64 connected 
to the output terminal 70, it is also possible to make the VSWR at the output side terminal of the surface acoustic wave 
device of this preferred embodiment small. 

[0104] In the surface acoustic wave devices of the second and third preferred embodiments also it is possible to 
employ the preferable modifications of the surface acoustic wave devices of the first preferred embodiment and thereby 

35 obtain the same effects as with those preferable modifications described above. 

[0105] In a surface acoustic wave device according to a wide aspect of the invention, because the first one-port SAW 
resonator filter is connected in parallel with the vertically connected double mode SAW resonator filter and the con- 
nection point between the two is made the input terminal, it is possible to raise the power-resistance of the device by 
increasing the electrode area on the input side. In addition, because the resonance frequency of the first one- port 

40 SAW resonator filter is set as described above, it is possible to increase the amount of attenuation outside the pass 
band on the low-frequency side thereof, i.e. in the high-frequency side of the blocking region. Therefore, when a surface 
acoustic wave device of the invention is used for example as a reception filter of an antenna top of a portable telephone 
or the like, it is possible to increase the reflection coefficient in the blocking region and thereby it is possible to suppress 
losses in the pass band of the incoming side, i.e. transmission side filter. 

45 [0106] Also, in this invention, by making the sum of the numbers of electrode fingers of the outer IDTs greater than 
the number of electrode fingers of the central IDT of the vertically connected double mode SAW resonator filter and 
connecting the first one-port SAW resonator filter to the outer pair of IDTs of the vertically connected double mode 
SAW resonator filter, it is possible to further increase the electrode area of the input side and thereby it is possible to 
more greatly improve the power-resistance of the device. 

50 [0107] Furthermore, by making the first one-port SAW resonator filter of a construction wherein four or two SAW 
resonators are connected in series and making the ratio w/ X, 1 of the width w of the electrode fingers to the wavelength 
X A of the SAW resonators w/ X, 1 < 1/4, it is possible to suppress the spurious response inside the pass band and it is 
possible to more greatly improve the power-resistance without having an affect on the characteristics in the pass band. 
[0108] Also, when the first one-port SAW resonator filter is made of a construction wherein four or two resonators 

55 are connected in series and also the ratio of the spacing t between the electrode fingers of the resonators to the 
wavelength X 1 of the resonators is made t/ X 1 > 3, although a spurious response existing between the resonance 
frequency and the antiresonance frequency of the first one-port SAW resonator filter comprising IDTs connected in 
series in multiple stages occurs, in this case, because t/ X 1 has been made greater than 3, in-band ripples in the pass 
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band can be made small. 

[0109] Also, if the spacing between the centers of the outer end electrode fingers of the outer IDTs and the inner end 
electrodes of the reflectors of the vertically connected double mode SAW resonator filter is written I, when the ratio 
between I and the wavelength X 2 of the reflectors is made greater than 0.53 and less than 0.59 it is possible to make 

5 the reflection coefficient in the blocking region large. Therefore, for example when a surface acoustic wave device of 
the invention is used as a receiving filter of an antenna top for a portable telephone, it is possible to suppress deteri- 
oration of losses inside the pass band of the filter of the incoming side i.e. the transmission side. 
[0110] Furthermore, with a construction wherein the second one-port SAW resonator filter is connected in series 
with the double mode SAW resonator filter, it is possible to further increase the amount of attenuation in the blocking 

10 region without losing power-resistance and reflection coefficient of the input side terminal in the blocking region. 

[0111] Moreover, when a third one-port SAW resonator filter is connected in parallel with the central IDTs of the 
vertically connected double mode SAW resonator filter, it is possible to more greatly increase the amount of attenuation 
in the blocking region without losing power-resistance and reflection coefficient of the input side terminal in the blocking 
region and also it is possible to reduce the VSWR inside the pass band at the output side terminal. 

15 Although reflectors are not shown in the above-described embodiments of the present invention one can use the 
reflectors in the present invention. 

[0112] Although the present invention has been described in relation to particular embodiments thereof, many other 
variations and modifications and other uses will become apparent to those skilled in the art. It is preferred, therefore, 
that the present invention be limited not by the specific disclosure herein, but only by the appended claims. 

20 

Claims 

1. A surface acoustic wave device comprising: 

25 

a first one-port SAW resonator filter (24; 42; 62) being at least of a two-stage construction and having interdigital 
transducers (24a-24d; 42a-42d) each having a plurality of pairs of mutually intermeshing electrode fingers; and 

a double mode SAW resonator filter (23; 41 ; 61 ) having three interdigital transducers (25, 26, 27; 44, 45, 46; 
30 65, 66, 67), grating reflectors (28, 29; 47, 48; 68a, 68b) and a pass band, said interdigital transducers being 

disposed along a surface wave propagation direction, where one of the three interdigital transducers is situated 
as a central transducer between the two other transducers, which two other transducers thus are outer trans- 
ducers; 

35 wherein an input terminal (30; 49; 69) of said surface acoustic wave device is connected to a connection point 

(32) between said first one-port SAW resonator filter (24; 42; 62) and said outer transducers, and an output 
terminal (31 ; 50; 70) of said surface acoustic wave device is connected to said central transducer; 

wherein the first one-port SAW resonator filter (24, 42; 62) is so constructed that its resonance frequency is 
40 outside the pass band of the double mode SAW resonator filter (23; 41 ; 61 ) on the low-frequency side of the 

pass band; 

wherein the first one-port SAW resonator filter (24; 42; 62) is constituted of four or two SAW resonators con- 
nected in series, and 

45 

wherein a ratio of a spacing t between the electrode fingers of the interdigital transducers of the SAW resonators 
to the wavelength A, 1 of the SAW resonators is t/X, 1 > 3. 

2. A surface acoustic wave device according to claim 1 wherein: 

50 the double mode SAW resonator filter (23; 41 ; 61 ) is made using a 36° Y-cut, X-propagation piezoelectric substrate 

(22) and a ratio between I and a wavelength X 2 of the reflectors is 0.53 < \/X 2 < 0.59, wherein I is the spacing 
between the centers of outer end electrode fingers of the outer transducers and the center of inner end electrode 
fingers of the reflectors. 

55 3. A surface acoustic wave device comprising: 

a first one-port SAW resonator filter (24; 42; 62) being a least of a two-stage construction and having interdigital 
transducers (24a-24d; 42a-42d) each having a plurality of pairs of mutually-intermeshing electrode fingers; and 
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a double mode SAW resonator filter (23; 41 ; 61 ) having three interdigital transducers (25, 26, 27; 44, 45, 46; 
65, 66, 67), grating reflectors (28, 29; 47, 48; 68a, 68b) and a pass band, said interdigital transducers being 
disposed along a surface wave propagation direction, where one of the three interdigital transducers is situated 
as a central transducer between the other two transducers, which other two transducers thus are outer trans- 
5 ducers; 

wherein an input terminal (30; 49; 69) of said surface acoustic wave device is connected to a connection point 
(32) between said first one-port SAW resonator filter (24; 42; 62) and said outer transducers, and an output 
terminal (31 ; 50; 70) of said surface acoustic wave device is connected to said central transducer, 

10 

wherein the first one-port SAW resonator filter (24; 42; 62) is so constructed that its resonance frequency is 
outside the pass band of the double mode SAW resonator filter (23; 41 ; 61) on the low-frequency side of the 
pass band, and 

15 wherein the double mode SAW resonator filter (23; 41 ; 61 ) a ratio between I and a wavelength X 2 °f tne Qrating 

reflectors is 0.53 < \/X 2 < 0.59, wherein I is the spacing between the centers of outer end electrode fingers of 
the outer transducers and the centers of inner end electrode fingers of the reflectors. 

4. A surface acoustic wave device according to claim 3 wherein: 

20 

the first one-port SAW resonator filter (24; 42; 62) is made using a 36° Y-cut, X-propagation piezoelectric 
substrate (22) and is constituted of four or two SAW resonators connected in series, and 
a ratio of a spacing t between the electrode fingers of the interdigital transducers of the SAW resonators to 
the wavelength A, 1 of the SAW resonators is t/X 1 > 3. 

25 

5. A surface acoustic wave device according to one of claims 1 to 4 wherein: 

the sum of the numbers of electrode fingers of the outer inter digital transducers (25, 27; 44, 46; 65, 67) being 
greater than the number of electrode fingers of the central interdigital transducer (26; 45; 66). 

30 6. A surface acoustic wave device according to one of claims 1 to 5 wherein: 

the first one-port SAW resonator filter (24; 42; 62) is made using a 36° Y-cut, X-propagation piezoelectric substrate 
(2) and is constituted of four or two SAW resonators connected in series and a ratio of a width w of the electrode 
fingers of the interdigital transducers constituting the SAW resonators to the wavelength X 1 of the SAW resonators 
is w/^ < 1/4. 

35 

7. A surface acoustic wave device according to any of claims 1 through 6 wherein: 

a second one-port SAW resonator filter (43; 63) having an antiresonance frequency outside the pass band of the 
double mode SAW resonator filter (41 ; 61 ) on the low-frequency side of the pass band and having no reflectors is 
connected between the output terminal (50; 71 ) and the central interdigital transducer (45; 66) of the double mode 
40 SAW resonator filter (41 ; 61 ). 

8. A surface acoustic wave device according to claim 7 wherein: 

a third one-port SAW resonator filter (64) having a resonance frequency outside the pass band of the double mode 
SAW resonator filter (61 ) on the low-frequency side of the pass band and having no reflectors is connected between 
45 the output terminal (71) and the second one-port SAW resonator filter (63). 

9. A surface acoustic wave device according to one of claims 1 to 8 wherein said first one-port SAW filter resonator 
does not have reflectors. 



Patentanspruche 

1. Ein akustisches Oberflachenwellenbauelement mit folgenden Merkmalen: 

55 einem ersten Ein-Tor-SAW-Resonatorfilter (24; 42; 62), das mindestens einen Zwei-Stufen-Aufbau aufweist, 

und das Interdigitalwandler (24a-24d; 42a-42d) aufweist, die jeweils eine Mehrzahl von Paaren von gegen- 
seitig ineinander greifenden Elektrodenfingern aufweisen; und 
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einem Doppelmodus-SAW-Resonatorfilter (23; 41 ; 61 ), das drei Interdigitalwandler (25, 26, 27; 44, 45, 46; 65, 
66, 67), Gitterreflektoren (28, 29; 47, 48; 68a, 68b) und einen DurchlaGbereich aufweist, wobei die Interdigi- 
talwandler entlang einer Oberflachenwellenausbreitungsrichtung angeordnet sind, wobei einer der drei Inter- 
digitalwandler als ein zentraler Wandler zwischen den zwei anderen Wandlern positioniert ist, wobei die zwei 
anderen Wandler daher auGere Wandler sind; 

wobei ein EingangsanschluG (30; 49; 69) des akustischen Oberflachenwellenbauelements mit einem Verbin- 
dungspunkt (32) zwischen dem ersten Ein-Tor-SAW-Resonatorfilter (24; 42; 62) und den auGeren Wandlern 
verbunden ist, und ein AusgangsanschluG (31; 50; 70) des akustischen Oberflachenwellenbauelements mit 
dem zenralen Wandler verbunden ist; 

wobei das erste Ein-Tor-SAW-Resonatorfilter (24, 42; 62) so aufgebaut ist, daG die Resonanzfrequenz des- 
selben auGerhalb des DurchlaGbereichs des Doppelmodus-SAW-Resonatorfilters (23; 41 ; 61 ) auf der Nieder- 
frequenzseite des DurchlaGbereichs liegt; 

wobei das erste Ein-Tor-SAW-Resonatorfilter (24; 42; 62) aus vier oder zwei SAW-Resonatoren gebildet ist, 
die seriell geschaltet sind, und 

wobei ein Verhaltnis einer Beabstandung t zwischen den Elektrodenfingern der Interdigitalwandler der SAW- 
Resonatoren zu der Wellenlange A, 1 der SAW-Resonatoren > 3 ist. 

Ein akustisches Oberflachenwellenbauelement gemaG Anspruch 1, bei dem 

das Doppelmodus-SAW-Resonatorfilter (23; 41 ; 61 ) unter Verwendung eines piezoelektrischen 36°-Y-Schnitt-, X- 
Ausbreitung-Substrats (22) hergestellt ist, und ein Verhaltnis zwischen I und einer Wellenlange X 2 der Reflektoren 
0,53 < \/X 2 <0,59 ist, wobei I die Beabstandung zwischen den Mitten der AuGenend-Elektrodenfinger der auGeren 
Wandler und der Mitte der Innen-Endelektrodenfinger der Reflektoren ist. 

Ein akustisches Oberflachenwellenbauelement mit folgenden Merkmalen: 

einem ersten Ein-Tor-SAW-Resonatorfilter (24; 42; 62), das mindestens einen Zwei-Stufen-Aufbau aufweist, 
und das Interdigitalwandler (24a-24d; 42a-42d) aufweist, die jeweils eine Mehrzahl von Paaren von gegen- 
seitig ineinander greifenden Elektrodenfingern aufweisen; und 

einem Doppelmodus-SAW-Resonatorfilter (23; 41 ; 61 ), das drei Interdigitalwandler (25, 26, 27; 44, 45, 46; 65, 
66, 67), Gitterreflektoren (28, 29; 47, 48; 68a, 68b) und einen DurchlaGbereich aufweist, wobei die Interdigi- 
talwandler entlang einer Oberflachenwellenausbreitungsrichtung angeordnet sind, wobei einer der drei Inter- 
digitalwandler als ein zentraler Wandler zwischen den anderen zwei Wandlern positioniert ist, wobei die an- 
deren zwei Wandler daher auGere Wandler sind; 

wobei ein EingangsanschluG (30; 49; 69) des akustischen Oberflachenwellenbauelements mit einem Verbin- 
dungspunkt (32) zwischen dem ersten Ein-Tor-SAW-Resonatorfilter (24; 42; 62) und den auGeren Wandlern 
verbunden ist, und ein AusgangsanschluG (31; 50; 70) des akustischen Oberflachenwellenbauelements mit 
dem zentralen Wandler verbunden ist, 

wobei das erste Ein-Tor-SAW-Resonatorfilter (24; 42; 62) so aufgebaut ist, daG die Resonanzfrequenz des- 
selben au Gerhalb des DurchlaGbereichs des Doppelmodus-SAW-Resonatorfilters (23; 41 ; 61 ) auf der Nieder- 
frequenzseite des DurchlaGbereichs liegt, und 

wobei bei dem Doppelmodus-SAW-Resonatorfilter (23; 41 ; 61 ) ein Verhaltnis zwischen I und einer Wellenlange 
(k 2 ) der Gitterreflektoren von 0,53 < \/X 2 ^ °> 59 >st, wobei I die Beabstandung zwischen den Mitten der AuGe- 
nend-Elektrodenfinger der auGeren Wandler und der Mitten der Innenend-Elektrodenfingerder Reflektoren ist. 

Ein akustisches Oberflachenwellenbauelement gemaG Anspruch 3, bei dem 

das erste Ein-Tor-SAW-Resonatorfilter (24; 42; 62) unter Verwendung eines piezoelektrischen 36°-Y-Schnitt-, 
X-Ausbreitung-Substrats (22) hergestellt ist, und aus vier oder zwei SAW-Resonatoren, die seriell geschaltet 
sind, besteht, und 
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ein Verhaltnis einer Beabstandung t zwischen den Elektrodenfingern der Interdigitalwandler der SAW-Reso- 
natoren zu der wellenlange X, 1 der SAW-Resonatoren t/^ > 3 ist. 

5. Ein akustisches Oberflachenwellenbauelement gemaG einem der Anspruche 1 bis 4, bei dem 

5 die Summe der Zahlen der Elektrodenfinger der auGeren Interdigitalwandler (25, 27; 44, 46; 65, 67) groGer als die 

Zahl der Elektrodenfinger der zentralen Interdigitalwandler (26; 45; 66) ist. 

6. Ein akustisches Oberflachenwellenbauelement gemaG einem der Anspruche 1 bis 5, bei dem 

das erste Ein-Tor-SAW-Resonatorfilter (24; 42; 62) unter Verwendung eines piezoelektrischen 36°-Y-Schnitt-, X- 
10 Ausbreitung-Substrats (2) hergestellt ist, und aus vier oder zwei SAW-Resonatoren besteht, die seriell geschaltet 

sind, und ein Verhaltnis einer Breite w der Elektrodenfinger der Interdigitalwandler, die die SAW-Resonatoren 
bilden, zu der Wellenlange X A der SAW-Resonatoren w/ A, 1 < 1/4 ist. 

7. Ein akustisches Oberflachenwellenbauelement gemaG einem der Anspruche 1 bis 6, bei dem 

15 ein zweites Ein-Tor-SAW-Resonatorfilter (43; 63) eine Antiresonanzfrequenz au Gerhalb des DurchlaGbereichs des 

Doppelmodus-SAW-Resonatorfilters (41; 61) auf der Niederfrequenzseite des DurchlaGbereichs aufweist, und 
keine Reflektoren aufweist, die zwischen den AusgangsanschluG (50; 71) und den zentralen Interdigitalwandler 
(45; 66) des Doppelmodus-SAW-Resonatorfilters (41 ; 61) geschaltet sind. 

20 8. Ein akustisches Oberflachenwellenbauelement gemaG Anspruch 7, bei dem 

ein drittes Ein-Tor-SAW-Resonatorfilter (64) eine Resonanzfrequenz au Gerhalb des DurchlaGbereichs des Dop- 
pelmodus-SAW-Resonatorfilters (61) auf der Niederfrequenzseite des DurchlaGbereichs aufweist, und keine Re- 
flektoren aufweist, die zwischen den AusgangsanschluG (71) und das zweite Ein-Tor-SAW-Resonatorfilter (63) 
geschaltet sind. 
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9. Ein akustisches Oberflachenwellenbauelement gemaG einem der Anspruche 1 bis 8, bei dem das erste Ein-Tor- 
SAW-Resonatorfilter keine Reflektoren aufweist. 



30 Revendications 

1. Dispositif d'ondes acoustiques de surface comprenant : 

un premier filtre resonateur SAW a un port (24 ; 42 ; 62) etant au moins d'une construction a deux etages et 
35 ayant des transducteurs interdigitaux (24a a 24d ; 42a a 42d) chacun ayant une pluralite de paires de doigts 

d'electrode mutuellement interdigites ; et 

un filtre resonateur SAW en mode double (23 ; 41 ; 61 ) ayant trois transducteurs interdigitaux (25, 26, 27 ; 44, 
45, 46 ; 65, 66, 67), des reflecteurs en treillis (28, 29 ; 47, 48 ; 68a, 68b ) et une bande passante, lesdits 
transducteurs interdigitaux etant disposes le long d'une direction de propagation des ondes de surface, ou un 
40 des trois transducteurs interdigitaux est situe comme transducteur central entre les deux autres transducteurs, 

lesquels deux autres transducteurs sont ainsi des transducteurs externes ; 

dans lequel une borne d'entree (30 ; 49 ; 69) dudit dispositif d'ondes acoustiques de surface est raccordee a 
un point de connexion (32) entre ledit premier filtre resonateur SAW a un port (24 ; 42 ; 62) et lesdits trans- 
ducteurs externes, et une borne de sortie (31 ; 50 ; 70) dudit dispositif d'ondes acoustiques de surface est 
45 raccordee audit transducteur central ; 

dans lequel le premier filtre resonateur SAW a un port (24, 42 ; 62) est construit pour que sa frequence de 
resonance soit en dehors de la bande passante du filtre resonateur SAW en mode double (23 ; 41 ; 61) du 
cote basse frequence de la bande passante ; 

dans lequel le premier filtre resonateur SAW a un port (24, 42 ; 62) est constitue de quatre ou deux resonateurs 
50 SAW montes en serie, et 

dans lequel un rapport d'un espacement t entre les doigts d'electrode des transducteurs interdigitaux des 
resonateurs SAW sur la longueur d'onde X, 1 des resonateurs SAW est t/^ > 3. 

2. Dispositif d'ondes acoustiques de surface selon la revendication 1 , dans lequel : 

55 |e filtre resonateur SAW en mode double (23 ; 41 ; 61) est fait en utilisant un substrat piezoelectrique a 

propagation en X decoupe en Y a 36° (22) et un rapport entre I et une longueur d'onde X 2 des reflecteurs est 0,53 
< \/X 2 < 0,59, ou I est I'espacement entre les centres des doigts d'electrode d'extremite externe des transducteurs 
externes et le centre des doigts d'electrode d'extremite interne des reflecteurs. 
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Dispositif d'ondes acoustiques de surface comprenant : 

un premier filtre resonateur SAW a un port (24 ; 42 ; 62) etant au moins d'une construction a deux etages et 
ayant des transducteurs interdigitaux (24a a 24d ; 42a a 42d) chacun ayant une pluralite de paires de doigts 
d'electrode mutuellement interdigites ; et 

un filtre resonateur SAW en mode double (23 ; 41 ; 61 ) ayant trois transducteurs interdigitaux (25, 26, 27 ; 44, 
45, 46 ; 65, 66, 67), des reflecteurs en treillis (28, 29 ; 47, 48 ; 68a, 68b ) et une bande passante, lesdits 
transducteurs interdigitaux etant disposes le long d'une direction de propagation des ondes de surface, ou un 
des trois transducteurs interdigitaux est situe comme transducteur central entre les deux autres transducteurs, 
lesquels deux autres transducteurs sont done des transducteurs externes ; 

dans lequel une borne d'entree (30 ; 49 ; 69) dudit dispositif d'ondes acoustiques de surface est raccorde a 
un point de connexion (32) entre ledit premier filtre resonateur SAW a un port (24 ; 42 ; 62) et lesdits trans- 
ducteurs externes, et une borne de sortie (31 ; 50 ; 70) dudit dispositif d'ondes acoustiques de surface est 
raccordee audit transducteur central ; 

dans lequel le premier filtre resonateur SAW a un port (24, 42 ; 62) est construit pour que sa frequence de 
resonance soit en dehors de la bande passante du filtre resonateur SAW en mode double (23 ; 41 ; 61) du 
cote basse frequence de la bande passante ; et 

dans lequel dans le filtre resonateur SAW en mode double (23 ; 41 ; 61) un rapport entre I et une longueur 
d'onde X 2 des reflecteurs en treillis est 0,53 < \IX 2 < 0,59, ou I est un espacement entre les centres des doigts 
d'electrode d'extremite externe des transducteurs externes et les centres des doigts d'electrode d'extremite 
internes des reflecteurs. 

Dispositif d'ondes acoustiques de surface selon la revendication 3 dans lequel : 

le premier filtre resonateur SAW a un port (24 ; 42 ; 62) est fait en utilisant un substrat piezoelectrique a 
propagation en X decoupe en Y a 36° (22) et est constitue de quatre ou deux resonateurs SAW montes en 
serie, et 

un rapport d'un espacement t entre les doigts d'electrode des transducteurs interdigitaux des resonateurs 
SAW sur la longueur d'onde X A des resonateurs SAW est t/X A > 3. 

Dispositif d'ondes acoustiques de surface selon Tune quelconque des revendications 1 a 4 dans lequel : 

la somme des elements de doigts d'electrode des transducteurs interdigitaux externes (25, 27 ; 44, 46 ; 65, 
67) est superieure au nombre de doigts d'electrode du transducteur interdigital central (26 ; 45 ; 66). 

Dispositif d'ondes acoustiques de surface selon Tune quelconque des revendications 1 a 5 dans lequel : 

le premier filtre resonateur SAW a un port (24 ; 42 ; 62) est fait en utilisant un substrat piezoelectrique a 
propagation en X decoupe en Y a 36° (2) et est constitue de quatre ou deux resonateurs SAW montes en serie 
d'un rapport d'une largeur W des doigts d'electrode des transducteurs interdigitaux constituant les resonateurs 
SAW sur la longueur d'onde X, 1 des resonateurs SAW est W/X 1 < 1/4. 

Dispositif d'ondes acoustiques de surface selon I'une quelconque des revendications 1 a 6 dans lequel : 

un second filtre resonateur SAW a un port (43 ; 63) ayant une frequence d'anti-resonance en dehors de la 
bande passante du filtre resonateur SAW du mode double (41 ; 61 ) du cote basse frequence de la bande passante 
et n'ayant pas de reflecteurs est raccorde entre la borne de sortie (50 ; 71) et le transducteur interdigital central 
(45 ; 66) du filtre resonateur SAW en mode double (41 ; 61). 

Dispositif d'ondes acoustiques de surface selon la revendication 7 dans lequel : 

un troisieme filtre resonateur SAW a un port (64) ayant une frequence de resonance en dehors de la bande 
passante du filtre resonateur SAW en mode double (61 ) du cote basse frequence de la bande passante et n'ayant 
pas de reflecteurs est raccorde entre la borne de sortie (71) et le second filtre resonateur SAW a un port (63). 

Dispositif d'ondes acoustiques de surface selon I'une quelconque des revendications 1 a 8 dans lequel ledit premier 
resonateur de filtre SAW a un port n'a pas de reflecteurs. 
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